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Introduction
The incidence of lung cancer has increased considerably in recent years, and it is one of the most prevalent and deadliest cancers in the world [1] . Non-small cell lung cancer (NSCLC) and small cell lung cancer are the two main histological types of lung cancer. The former, NSCLC, is the predominant form of lung cancer, accounting for approximately 80-85% of all incidences and has poor therapeutic efficacy when diagnosed [2] . Despite great improvements in treatment strategies, including surgery, chemotherapy, and radiation therapy, supplemented with targeted therapy and immunotherapy, the prognosis of these patients remains poor, with 10-15% having a 5-year survival [3] [4] [5] [6] . The development of cancer involves multiple factors that may affect treatment and prognosis. Therefore, it is necessary to explore and analyze the relevant molecular mechanisms of lung cancer for limiting cancer progress or identifying potential therapeutic targets.
With the rapid development of bioinformatics analyses and application of nextgeneration sequencing technology to whole genomes and transcriptomes, non-coding RNAs (ncRNAs) are attracting the most attention among multiple factors involved in cancer development. ncRNAs are divided into two major groups based on their size, small ncRNAs and long noncoding RNAs (lncRNAs). Small ncRNAs include the more recently discovered and well-defined miRNAs and siRNAs [7, 8] . lncRNAs are defined as non-protein coding transcripts longer than 200 nucleotides. In contrast to small ncRNAs, lncRNAs are not generally highly conserved. In recent years, lncRNAs have been identified as new mediators of tumorigenesis by virtue of their various functions and capacity to induce different mechanisms as a result of their wide spectrum of interactions [9] [10] [11] . Furthermore, several authors have proposed that there is interplay between lncRNAs and miRNAs during the tumorigenic process, from which competing endogenous RNAs (ceRNAs) are derived [12] . Additionally, miRNAs are involved in multiple biological processes by regulating their mRNA targets. It is possible that the lncRNA-miRNA-mRNA interaction network plays an important role in the development of cancer.
Based on our previous microarray data analysis of lncRNAs in NSCLC tissues [13] , our present study was performed to confirm the expression of XLOC_008466 and explore the potential regulatory network of XLOC_008466-miRNA-mRNA using bioinformatics prediction and sequence analysis.
Materials and Methods

Patients and samples
Samples of human NSCLC tissue and matched adjacent normal tissue were obtained from 63 patients who underwent surgical resection between January 2014 and November 2015 at the First Affiliated Hospital of Zhengzhou University (Zhengzhou, China). Patients were diagnosed as NSCLC by histopathology combined with clinical information. All samples were immediately snap-frozen in liquid nitrogen until total RNA extraction. Clinicopathological parameters were correspondingly collected from databases at our institutions. All protocols were reviewed and approved by the Ethics Committee of Zhengzhou University, and all patients gave written informed consent.
Cells culture
Human NSCLC cell lines A549 and H460 and normal human bronchial epithelial cells (NHBE) and were obtained from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). HEK-293T cells were a generous gift from Pro. Zhao (College of Basic Medical Sciences of Zhengzhou University, China). A549 and H460 cells were grown in RPMI-1640 medium (Gibco, USA) supplemented with 10% FBS (Gibco, USA), 100 U/mL penicillin and 100 μg/mL streptomycin. NHBE cells were cultured with bronchial epithelial cell growth medium (BEGM, Gibco, USA) and the necessary supplements, and HEK-293T cells were maintained in DMEM medium (Gibco, USA). All cells were cultured in a 5% CO 2 humidified atmosphere at 37 °C, Medium was renewed every day, and cells were passaged every three days using 0.25% trypsin.
Cell transfection and reagents
For analysis of XLOC_008466, siRNA against XLOC_008466 (for the siRNA Lnc group) and negative control oligonucleotides (for NC group) were synthesized by Shanghai GenePharma Co. Ltd (Shanghai, 
RNA extraction and quantitative real-time PCR (qRT-PCR)
In tissue samples and different cell groups, total RNA was extracted using TRIzol reagent (Invitrogen, USA), according to the manufacturer's instructions. The RNA quality and concentration were assessed with a NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific, USA). To verify the relative expression of XLOC_008466, MMP2 and XIAP, reverse transcription was performed using a First Strand cDNA Synthesis Kit (Qiagen, Germany). Then, the ABI SYBR ® Green PCR Master Mix (Applied Biosystems, USA) was used for quantitative real-time PCR, with GAPDH as the reference gene. To verify the relative expression of miR-874, qRT-PCR was performed using a miR-874 qRT-PCR Detection Kit (Stratagene Corp, USA) in conjunction with an ABI 7500 thermal cycler. U6 small nuclear RNA (U6 snRNA) was used as an endogenous control for normalization. In addition, melting curves were used to evaluate non-specific amplification. The qRT-PCR results are expressed as the threshold cycle (Ct) and were converted to fold changes (2 -ΔΔCt or 2 -ΔCt ).
Protein extraction and western blotting
In different cell groups, total proteins were extracted and subjected to 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis for separation and then transferred onto polyvinylidene difluoride membranes (Whatman, UK). Blocking was performed in 5% skim milk for 1 h. Then, membranes were washed four times with wash buffer at room temperature and incubated overnight at 4°C with primary antibodies (Santa Cruz, USA). In this study, rabbit anti-human matrix metalloproteinase 2 (MMP2) (1:500) and rabbit anti-human X-linked inhibitor of apoptosis (XIAP) (1:500) were used. The secondary antibody (goat anti-rabbit IgG, 1:1000, Santa Cruz, USA) was incubated for 1 h. After washing, signals from different proteins were determined using a chemiluminescence detection kit (Amersham Pharmacia Biotech, UK). GAPDH (Santa Cruz, USA) served as an endogenous control.
Cell proliferation assay A cell proliferation assay was performed using Cell Counting Kit-8 solution (Dojindo, Japan) in accordance with the manufacturer's protocol. Briefly, A549 and H460 cells in different groups were seeded into 96-well plates at a concentration of 2×10 3 cells/well. Each group had three replicate wells. According to the experimental requirements, we observed cell proliferation at 24 h, 48 h and 72 h. Before observation, each well was treated with 10 μL/well of cell counting kit-8 solution during the last 4 h of culture. Then, cellular viability was determined by measuring the absorbance of the converted dye at 450 nm.
Cell apoptosis assay A cell apoptosis assay was performed using flow cytometry with propidium iodide (PI) and Annexin V double staining (BestBio, China). Specifically, A549 and H460 cells in different groups were harvested by trypsinization and resuspended at a density of 1×10 6 cells/mL. Annexin V-fluorescein isothiocyanate (FITC) and PI were used for double staining to assess the proportions of apoptotic cells. Data were read with a FACScan flow cytometer (BD Biosciences, USA).
Cell invasion assay
A cell invasion assay was performed using the trans-well invasion method. Specifically, A549 and H460 cells in different groups were seeded into the upper chamber of a 24-well Tran-swell Permeable Support (Costar, USA) at a concentration of 2×10 5 cells/well. The lower chamber was supplied with 500 μL of medium containing 10% FBS. The 24-well plates were incubated at 37°C/5% CO 2 for 48 h. The medium was removed from the upper chamber and cells in the upper chamber were scraped off with a cotton swab. Cells that had moved to the other side of the membrane were fixed with methanol, stained with hematoxylin, mounted, and dried at 80°C for 30 min. The number of cells invading the matrigel was counted in three randomly selected fields using an inverted microscope. 
Luciferase reporter assay
To further explore the relative mechanism of XLOC_008466 function in NSCLC, we predicted the target genes of XLOC_008466 using a bioinformatics prediction (miRcode and TargetScan program) combined with sequence analysis. Based on the predicted results and preliminary experiments, we constructed the recombinant plasmid pmirGLO-XLOC_008466-wt/pmirGLO-XLOC_008466-mut, pmirGLO-MMP2-wt/ pmirGLO-MMP2-mut and pmirGLO-XIAP-wt/pmirGLO-XIAP -mut for further investigation. PCR was used to obtain the wild-type XLOC_008466 sequence (XLOC_008466-wt) and wild-type 3'UTR of MMP2 and XIAP mRNA. A mutant XLOC_008466 (XLOC_008466-mut) without miR-874 binding sites and mutant MMP2 and XIAP 3′UTR fragments was obtained by overlap extension PCR with the mutant primers. For the luciferase reporter assay, the recombinant plasmids were transiently co-transfected with miR-874 mimics or siRNA Lnc into HEK 293T cells using Lipofectamine™2000. Luciferase activity was measured 24 h post-transfection with the Dual Luciferase Reporter Assay System (Promega, USA) according to the manufacturer's instructions.
RNA immunoprecipitation (RIP) assay
The RIP assay is an antibody-based technique that is used to map RNA-protein interactions in vivo. To further verify the relationship between XLOC_008466 and miR-874, we performed RIP using an EZMagna RIP RNA-binding protein immunoprecipitation kit (Millipore, USA), according to the manufacturer's instructions. A549 and H460 cells in different groups were lysed using RNA lysis buffer containing protease inhibitor and RNase inhibitor. Different cell lysis solutions were incubated with the RIP buffer containing magnetic beads coated with anti-human argonaute 2 (Ago2) antibodies (Millipore, USA). IgG (Millipore, USA) was used as a negative control (input group). Following incubation with gentle rotation for 2 h at 4°C and removal of the unbound material by washing, coprecipitated RNAs were isolated. Next, reverse transcription and PCR analysis were performed.
Surface plasmon resonance (SPR) assay
SPR assay was performed on a Biacore 3000 (BIAcore AB, GE Healthcare) using a carboxymethylated dextran coated sensor chip (CM5) at 25°C. HBS-EP buffer was used as running buffer contained 10 mM HEPES, 150 mM NaCl, 3.4 mM EDTA and 0.005% P20 at pH 7.4. Biotin-labeled single-stranded RNA harboring the wild-type XLOC_008466 (5'-CTATGAGTCTGTGAGTTGCTTCAGGGCAG-3') and mutant sequence (5'-CTATGAGTCTGTGAGTTGCTTGTCCCGTC-3') were captured on sensor chip surface respectively, leaving another two empty channels as reference. miR-874 or scrambled oligonucleotides of different concentrations (325.5nM, 625nM, 1250nM, 2500nM, 5000nM, 1000nM, 325.5nM) were injected at 10μL/ min across all the surfaces for 2 min, and was then allowed to dissociate for 15 min. All sensorgrams were evaluated by BIA evaluation software.
Statistical analysis SPSS17.0 software was used for all statistical analyses. All of the results are expressed as the mean ± SD. Student's t-test and a one-way analysis of variance (ANOVA) were used for the comparison of means from different samples. Pearson's correlation analysis was used to detect the correlation between XLOC_008466 and miR-874 expression. P < 0.05 was considered to be statistically significant.
Results
XLOC_008466 is up-regulated in NSCLC patients
Our microarray data analysis revealed that the XLOC_008466 level was up-regulated in NSCLC tissues [13] . In this study, we further verified the expression of XLOC_008466 in 63 NSCLC patients and analyzed its expression features in the patient clinicopathological characteristics. qRT-PCR was performed, and the clinicopathological characteristics mainly included age, gender, smoking, tumor differentiation, TNM stage and lymph node metastasis. The results showed that XLOC_008466 was significantly up-regulated in NSCLC tissues compared to matched adjacent normal tissues (Fig. 1A, P <0.001) . We also observed that XLOC_008466 expression was significantly related to lymph node metastasis and the TNM stage and was higher in the lymph node positive group or TNM III stage than the negative group or TNM I and II stage (Fig. 1B and 1C , P < 0.01). Specifically, the other characteristics of the analyses are presented in Table 1 .
Effects of XLOC_008466 down-regulation on cell proliferation, apoptosis and invasion
To synthesize XLOC_008466 expression and clinicopathological characteristics, bioinformatics analysis and our pre-experiment results, we determined whether XLOC_008466 had effects on the cell biology behaviors. A siRNA against XLOC_008466 was designed and transfected into A549 and H460 cells. The qRT-PCR results revealed that the XLOC_008466 levels were effectively reduced in the siRNA Lnc group for NHBE cells compared to the blank and NC groups ( Fig. 2A, P < 0.01) . The cell proliferation assay showed that down-regulation of XLOC_008466 in the siRNA Lnc group led to slower proliferation 24 h after transfection than the blank group or scramble group, and the proliferation-suppressing trend became more obvious 48-72 h after transfection (Fig. 2B, 2C , P < 0.05). Next, flow cytometry with PI and Annexin V double staining demonstrated that the apoptotic population was notably up-regulated in the siRNA Lnc group cells (approximately 14% vs. 4% in the control groups) ( Fig. 2D , P < 0.01). Moreover, we performed a trans-well invasion assay to assess the effect of Table 1 . Association of XLOC_008466 expression with clinicopathological characteristics of NSCLC patients. *Indicated statistical significance (P < 0.05) Fig. 1 . Expression of XLOC_008466 in NSCLC patients. A: Up-regulation of XLOC_008466 in NSCLC tissues compared to matched adjacent normal tissues (P <0.001). Data are presented as the mean ± SD. B: Higher expression of XLOC_008466 in the lymph node positive group than the negative group (P < 0.01). C: Higher expression of XLOC_008466 in TNM III stage than TNM I and II stage (P < 0.01). The experiment was independently repeated in triplicate. XLOC_008466 on cell invasion. As expected, down-regulation of XLOC_008466 inhibited cell invasion (Fig. 2E , P < 0.01). Together, these findings indicate that down-regulation of XLOC_008466 inhibits cell proliferation and invasion of A549 and H460 cells in vitro, but promotes cell apoptosis.
XLOC_008466 functions as ceRNA directly binding to miR-874
As stated in the introduction, increasing numbers of publications have demonstrated that lncRNAs may act as a ceRNA in regulating the biological functions of miRNA. We propose that XLOC_008466 functions as a ceRNA to regulate some miRNAs. Sequence analysis and a website program provided the putative binding sites between XLOC_008466 and miR-874 (Fig. 3A) . To further test this hypothesis, we performed SPR assay to monitor XLOC_008466: miR-874 interactions. The results showed a
XLOC_008466 improves MMP2 and XIAP expression by down-regulating the miR-874 level
A bioinformatics analysis using TargetScan, microRNA.org, and miRanda indicated that MMP2 and XIAP were potential targets of miR-874 (Fig. 4A, 4B) . Based on the data in Figure 3 , we hypothesized that XLOC_008466 affects MMP2 and XIAP expression through down-regulation of the miR-874 level. pmirGLO-MMP2-wt or pmirGLO-MMP2-mut were cotransfected with the miR-874 mimic, scrambled oligonucleotides or siRNA for XLOC_008466 into HEK 293T cells using Lipofectamine™2000. Then, the luciferase activities were measured and showed that the miR-874 mimic reduced the luciferase activity of pmirGLO-MMP2-wt, but not of pmirGLO-MMP2-mut, and the down-regulation of XLOC_008466 had the same effect ( Fig. 4C , P < 0.05). Similar results were obtained when the recombinant plasmids were pmirGLO-XIAP-wt/pmirGLO-XIAP-mut (Fig. 4D , P < 0.05). We also observed the up-regulation of miR-874, down-regulation of MMP2 and XIAP mRNA in the siRNA Lnc group cells (Fig. 4E, 4F , 4G, P < 0.05). Therefore, these data indicate that MMP2 and XIAP are targets of miR-874 and that XLOC_008466 can down-regulate miR-874 expression, as well as elevate MMP2 and XIAP expression. Hybridization between sensor-chips to which wild-type XLOC_008466 and injected miR-874 mimic (KD: 2.922± 0.906μM) (P < 0.05). C:Hybridization between sensor-chips to which mutant XLOC_008466 and injected miR-874 mimic (KD: 6.66 ± 1.099μM). D: Hybridization between sensor-chips to which wild-type XLOC_008466 and injected scrambled oligonucleotides (KD: 4.357 ± 1.144μM). E: Hybridization between sensor-chips to which mutant XLOC_008466 and injected scrambled oligonucleotides (KD: 824 ± 2.171μM). F: After 24 h post-transfection, the relative luciferase activities were reduced. G: RIP assay shows that XLOC_008466 is enriched in the Ago2-containing beads (P < 0.01). H: miR-874 is also enriched in the Ago2-containing beads (P < 0.01). I: The inverse relationship between XLOC_008466 and miR-874 expression (R 2 = 0.612, P < 0.05). All experiments were independently repeated in triplicate.
XLOC_008466 affects cell proliferation, apoptosis and invasion by regulating miR-874 expression and elevating MMP2 and XIAP expression
Based on the above results, we better understood the association among XLOC_008466, miR-874 and MMP2/XIAP. A series of experiments was performed to verify that XLOC_008466 affected cell proliferation, apoptosis and invasion by regulating miR-874 expression and increasing MMP2 and XIAP expression in A549 and H460 cells. Cells were transfected with miR-874 mimic and siRNA for XLOC_008466, and down-regulation of MMP2 and XIAP expression was observed in the miR-874 group and siRNA Lnc group cells (Fig. 5A) . In a CCK-8 assay, cells transfected with miR-874 showed a trend of lower proliferation rates, which was similar to the siRNA of XLOC_008466 transfected cells (Fig. 5B, 5C , P < 0.05). A flow cytometry assay indicated that the cell apoptosis rate in the miR-874 group and siRNA Lnc group was higher than that of the control group (Fig. 5D, P < 0.05) . The trans-well invasion assay revealed that the cell invasion of the miR-874 group and siRNA Lnc group was significant decreased compared to that of the control group (Fig. 5E , P < 0.05). This series of results indicated that XLOC_008466 affects cell proliferation, apoptosis and invasion by regulating miR-874 expression and elevating MMP2 and XIAP expression, which suggests that XLOC_008466 functions as a ceRNA by directly binding to miR-874. It then affects more than one target mRNA and may participate in various signaling pathways.
Discussion
Cancer is a major cause of human disease-related death worldwide. Cancer biology is always regarded as a research hotspot. Emerging evidence suggests that lncRNAs act The predicted target sites for miR-874 in the MMP2 and XIAP mRNA 3'UTR, and MMP2 and XIAP-mut sequences. C, D: After 24 h post-transfection, the relative luciferase activities were reduced in the miR-874 mimic and siRNA Lnc groups compared to the control group (P < 0.05). E: siRNA for XLOC_008466 significantly up-regulates miR-874 expression (P < 0.05). F, G: siRNA for XLOC_008466 significantly down-regulates MMP2 and XIAP mRNA expression compared to the control group (P < 0.05). All experiments were independently repeated in triplicate.
as drivers of tumor suppressive and oncogenic functions and constitute an important component of cancer biology. For example, MALAT1 is a novel cancer-associated lncRNA, and it has been shown to play an important role in gastric cancer, colorectal cancer, and more recently, lung cancer [14] [15] [16] [17] [18] [19] [20] [21] . HOTAIR has been extensively studied in cancer [22] . Its expression has been shown to regulate breast and lung cancer cell growth and metastasis [23, 24] . In our study, up-regulation of XLOC_008466 was confirmed in NSCLC tissues and is associated with lymph node metastasis and the TNM stage. Expression of XLOC_008466 in NSCLC patients with positive lymph nodes or TNM III stage showed more up-regulation than the negative group or TNM I and II stage, which suggests that XLOC_008466 expression is involved in the progression of NSCLC. In A549 and H460 cells, siRNA against XLOC_008466 was designed and effectively down-regulated XLOC_008466 expression. Down-regulation of XLOC_008466 inhibited cell proliferation, promoted cell apoptosis and impeded cell invasion. These results indicate that XLOC_008466 is a positive regulator of NSCLC development and therefore that XLOC_008466 down-expression may contribute to tumor progression.
The ceRNA hypothesis is gaining attention. This hypothesis is supported by a series of studies. In breast cancer, H19 encodes miR-675, and the link between H19/miR-675, Cbl and tyrosine kinase receptors enhances breast cancer cell aggressiveness [25] . Recent studies of MALAT1 in lung cancer revealed that MALAT1 could function as a ceRNA to regulate the expression of SLUG through competition for miR-204 [16] . HOTAIR also competitively binds to miR-193a in AML cells and functions as a ceRNA to modulate c-KIT (proto-oncogene) expression [26] . Therefore, the systematic identification of lncRNAs and their expression patterns in human tissues and disease is important for clarifying the molecular biology underlying cancer. Based on a bioinformatics prediction and sequence analysis, we found there was an interaction between XLOC_008466 and miR-874. In recent studies on miR-874, it was reported that miR-874 is down-regulated during NSCLC progression and suggested that the frequent loss of miR-874 leads to increased tumor malignancy [27] . In our study, we constructed pmirGLO-XLOC_008466-wt/pmirGLO-XLOC_008466-mut and transfected these The CCK-8 assay shows the lower proliferation rate in the miR-874 group and siRNA Lnc group cells (P < 0.05). D: The flow cytometry assay shows a higher apoptosis rate in the miR-874 group and miRNA Lnc group cells (P < 0.05). E: The trans-well invasion assay showed the inhibition of cell invasion in the miR-874 group and siRNA Lnc group (P < 0.05). All experiments were independently repeated in triplicate.
plasmids with a miR-874 mimic into HEK 293T cells. The luciferase reporter assay confirmed that XLOC_008466 and miR-874 had a pairing region. The RIP assay and correlation analysis further suggested that XLOC_008466 functioned as a ceRNA by directly binding to miR-874. Not only that, we found that XLOC_008466 bound to miR-874 by SPR assay, confirming the findings of luciferase reporter and RIP assay.
Increasing evidence suggests that ceRNAs always affects the distribution of miRNAs to their targets and imposes an additional level of post-transcriptional regulation. We subsequently explored whether XLOC_008466 affects the targets of miR-874. Bioinformatics analysis indicated that MMP2 and XIAP are potential targets of miR-874. MMP2 plays an important role during the invasion and metastasis of various cancers, including NSCLC [28] . XIAP can regulate the apoptosis related pathway and induces cell apoptosis in NSCLC [29] . We also constructed pmirGLO-MMP2-wt/pmirGLO-MMP2-mut and pmirGLO-XIAPwt/ pmirGLO-XIAP-mut and transfected these with a miR-874 mimic or siRNA against XLOC_008466 into HEK 293T cells. The luciferase activities and qRT-PCR results indicated that XLOC_008466 down-regulated miR-874 expression and increased MMP2 and XIAP expression. Furthermore, a series of experiments verified that XLOC_008466 affects cell proliferation, apoptosis and invasion by binding to miR-874 to regulate MMP2 and XIAP expression. The results suggested that XLOC_008466 functions as a ceRNA by directly binding to miR-874 to regulate MMP2 and XIAP expression, which affects cell proliferation, promotes cell apoptosis and impedes cell invasion in NSCLC cells.
Taken together, our results indicate that highly expressed XLOC_008466 acts as an oncogenic lncRNA that promotes the tumorigenesis and progression of NSCLC through the miR-874-MMP2/XIAP axis, indicating that XLOC_008466 could be a useful marker and potential therapeutic target for NSCLC. In our next study, we will continue to explore the potential biological effects of XLOC_008466.
